Abstract As the human body ages,
Introduction
Aging is characterized by impaired circadian rhythms that cause disruption of sleep-wake cycles, diminishing of hormonal rhythms, and weakening of clock gene oscillations (Valentinuzzi et al. 1997; Huang et al. 2002; Hofman and Swaab 2006; Kondratova and Kondratov 2012; Rakshit et al. 2012; . There is also a progressive decline in cardiac function including stroke volume, ejection fraction, and cardiac output (Beere et al. 1999; Fiechter et al. 2013) as well as an increase in susceptibility to arrhythmia, cardiac hypertrophy, and diastolic dysfunction (Higashi et al. 2012; Sastre et al. 2000) . One of the important aspects of healthy aging is the body's ability to withstand homeostatic insults, such as oxidative stress. A previous study reported that flies with disrupted clocks/impaired circadian rhythms showed significantly increased mortality risk after short-term oxidative challenge (24 h of 100 % hyperoxia) in the middle age and/or older age groups (Krishnan et al. 2009 ). The age-related recession of cardiac function is a major risk factor for the development of cardiovascular disease and heart failure that contributes to increased cardiovascular mortality and morbidity in elderly humans (Scalia et al. 2010) . Endurance exercise has long been known to improve cardiac function and to benefit even patients who are already experiencing heart failure (Erbs et al. 2010; Kavanagh et al. 1996) . Most of these studies on the effect of exercise training on cardiac aging have been based on epidemiological and cross-sectional studies, since longitudinal studies across the lifespan of humans are intricate. In addition, improvements to vertebrate cardiac function following endurance training have also been documented in both young and old animals (Suvorava et al. 2004; Derumeaux et al. 2008) . However, studies on cardiac aging across ages in long-term and longitudinal study designs in mammals are also complicated because of their long lifespan and genetic redundancy. Therefore, the use of the Drosophila model is utilized for this study in order to circumvent these complications.
The complexity and difficulty of studying aging and longevity in humans and mammals make the Drosophila model an attractive alternative for in-depth exploration and hypothesis testing. Drosophilae has been previously shown to be effective models for the study of aging (Hughes and Reynolds 2005; Demontis et al. 2013 ) and adult cardiac function (Piazza and Wessells 2011) , and flies also respond to endurance training by improving cardiac output and stress resistance at advanced ages (Piazza et al. 2009 ). This, combined with the relative shorter lifespan, simpler genome, and unparalleled genetic tools available for studies in the fly, presents an opportunity to examine the impact of exercise training on cardiac function at varying ages and varying degrees of exercise.
Lifelong exercises positively impacts cardiac functioning, which is manifested by maintaining left ventricular compliance ) and acquiring VO 2 max, stroke volume, and heart rate regulation during exercise through aging . However, it is still uncertain whether the ageassociated impairment in cardiac function may be reduced by exercise training started later in life. A better understanding of how exercise influences the healthy aging heart may support the exercise intervention and thus reduce the burden of cardiovascular disease and heart failure. In this study, we investigate whether different doses of exercise training started later in life have different impacts on cardiac function. We characterized the cardiac properties in flies by measuring changes in their dynamic parameters including heart rate, rhythmicity, systolic and diastolic diameters, and intervals and fractional shortening. We also want to explore how to assess the dose that is appropriate for exercise intervention of cardiac aging. The results of our study demonstrated that exercise within the range of 2 to 2.5 h per day is beneficial for slowing the resting heart rate in drosophilae. Exercise for only 1.5 h did not show the same effects; this suggests that there is a threshold in the amount of exercise that needs to be met by people who have been sedentary in the past in order to promote the effects of exercise on the heart rate.
Material and methods

Drosophila stocks and culture
Wild-type w 1118 virgin female flies were collected within 8 h after eclosion. All flies were raised on the following foods: 6 L distilled water, 51.4 g agar, 369.6 g sucrose, 369.6 g maltose, 148.8 g yeast, 504.0 g corn flour, 120.5 g soybean meal, 20 mL propionic acid, and 20 g para-hydroxybenzene melt in 200 mL absolute ethyl alcohol. Flies were kept at 25°C and 65 % humidity, on a 12-h light/dark cycle, and transferred to fresh food once every 2 days. Two-and 6-week-old flies were used as controls (referred to as 2wC and 6wC, respectively).
Exercise training device and protocols
In constructing the exercise device, we took advantage of the flies' natural negative geotaxis behavior to induce upward walking. Vials with diet housing 20 flies each were loaded horizontally into a steel tube that was rotated about its horizontal axis by an electric motor with a gear regulating its shaft speed. Thus, with the accompanying rotating steel tube, each vial was rotated along its long axis, which stimulated the flies to climb. Most flies continued to respond by climbing throughout the exercise period. The few that failed to climb were actively walking at the inner wall of the vial. Three groups of 4-week-old flies were exercised in vials of 2.8-cm inner diameter while rotating 0.24 rev/s for 1.5, 2, and 2.5 h, respectively (referred to as 6w_1.5hE, 6w_2.0hE, and 6w_2.5hE). This occurred for five sessions a week, lasting 2 weeks.
The exercise periods were performed at 1400-1700 hours each day, after which cardiac dynamic parameters, climbing index, and locomotor activity were assayed (Fig. 1) .
Cardiac function
The cardiac function of the flies was tested the day after 2 weeks of training. Flies were anesthetized with FlyNap™ (Carolina Biological, Burlington, NC, USA) for about 5 min. The heart tubes were exposed by removing the heads, ventral thoraces, and ventral abdominal cuticles. All internal organs and abdominal fat were carefully removed by microsurgery forceps, leaving the heart and associated cardiac tissues ). Dissections were performed under oxygenated artificial hemolymph containing 108 mM NaCl, 5 mK KCl, 2 mM CaCl 2 , 8 mM MgCl 2 , 10 mM sucrose, 5 mM trehalose, 5 mM HEPES (pH 7.1), 1 mM NaH 2 PO 4 , and 4 mM NaHCO 3 (Singleton and Woodruff 1994) at room temperature (24°C). Highspeed digital movies of beating hearts were taken using a Hamamatsu EMCCD 9300 camera (Hamamatsu, Inc.; 100-140 frames per second) and SimplePCI image capture software (Hamamatsu, Inc., PA, USA). The heart physiology of the flies was assessed using a semiautomated optical heartbeat analysis program Ocorr et al. 2009 ) (kindly gifted by Ocorr and Bodmer) that quantifies heartbeat parameters including diastolic and systolic diameters, heart period and rate, heartbeat regularity, and fractional shortening (Ocorr et al. 2007 ). Moreover, the arrhythmia index, a measure of heartbeat regularity, was calculated from high-speed digital movies using the mean standard deviation of the heart period normalized to the median heart period. M-modes, qualitative records showing heart edge movement over time, were also produced using the optical heartbeat analysis program ). Furthermore, automated quantification of fibrillation was manifested by prolonged systoles (>0.5 s or twice the average systolic interval) and long systolic intervals (SIs) that were interrupted by very short diastolic intervals (<0.06 s) ) in 20-s M-mode traces.
Climbing assay
Flies were tested through climbing assay on the last day (before 1800 hours) of the 2 weeks of training. The climbing apparatus consisted of an 18-cm-long glass tube with an inner diameter of 2.8 cm. Due to the instinctive negative geotaxis displayed by drosophilae, the flies climbed up the sides of the apparatus after being tapped down at the bottom. Flies were allowed 10 s to climb after being tapped down, and the climbing heights reached by the flies were calculated. Sponges were placed in the ends of the tube to prevent escape yet allowing air exchange. Ninety-120 flies, 20 flies per tube, were measured for each group. The flies were given five timed trials before being tested.
Locomotor activity analysis
The flies were put into the glass tube the day (before 1500 hours) after the 2 weeks of training. The flies were entrained in a 12-h light/dark cycle (light turned on at 0700 hours, light turned off at 1900 hours. 0700 hours referred to zeitgeber time 0, and 1900 hours referred to zeitgeber time 12) at 25°C, and their locomotor activity was continuously monitored and recorded in 1-min bins by placing individual flies in glass tubes and monitoring their activity using the Drosophila Activity Monitoring System (DAMS) and Data Acquisition System (TriKinetics, Waltham, MA). Generally, flies subjected to 12-h light/dark cycles in DAMS were given a day for adaptation, and data from the second day in the glass tubes were used for analysis. Activity was measured using the infrared DAMS. As the flies moved back and forth in the tube, they interrupted an infrared beam at the center of the tube. These interruptions were counted and stored per minute. The number of activity counts per waking minute was defined as waking activity. Fly sleep in these devices was defined as any period of inactivity longer than 5 min, as reported previously (Shaw et al. 2000; Huber et al. 2004 ). The average total sleep, the average sleep episode duration, and the sleep bout number were calculated based on the sleep definition as a period of five or more minutes of behavioral immobility (Andretic and Shaw 2005) . Waking activity, sleep episode duration, and bout number were divided into daytime/nighttime waking activity, daytime/nighttime sleep episode duration, and daytime/nighttime bout number. For each group, 27-31 flies were measured.
Statistical analyses
Independent-samples t tests were used to assess differences between the 2wC and 6wC group. One-way analysis of variance (ANOVA) with least significant difference (LSD) tests was used to identify differences among the 6wC, 6w_1.5hE, 6w_1.5hE, and 6w_1.5hE groups. Analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 16.0 for Windows (SPSS Inc. Chicago, USA), with statistical significance set at P < 0.05.
Results
Aging affects Drosophila cardiac function
To study heart function, we dissected adult flies in artificial hemolymph to record cardiac contractions with a high-speed digital video camera. M-mode traces illustrate the rhythmicity and the dynamics of heart contractions (Ocorr et al. 2007 ). Effects of aging and exercise in different durations on cardiac rhythm of Drosophilarepresented M-mode traces (20 s) from high-speed movies for semi-intact flies that are 2 and 6 weeks old illustrated qualitative differences in heart function parameters: The M-mode of the flies' hearts showed regular rhythmic contractions (Fig. 2a , 2-week-old flies), which become progressively irregular with age ( Fig. 2a , 6-week-old flies), and moreover exhibited a significantly reduced heart rate that corresponded to an increased heart period (HP, defined as diastolic plus systolic interval) at 6 weeks of age compared to 2-week-old flies (Fig. 2b, c) , which is due to prolonged systolic interval (Fig. 2e) . The variability in the heart periodicity can be quantified using the heart period standard deviation as an Barrhythmicity index^(AI). The flies showed a low value for this AI at 2 weeks, and this value increased in the 6-week-old flies (Fig. 2f) .
The incidence of fibrillation events was automatically quantified as the number of unusually long systolic interval (>0.5 s or twice the average systolic interval) and long systolic interval that were interrupted by very short diastolic intervals (<0.06 s). The highly rhythmic beating pattern deteriorates as flies age by evidence of fibrillation events significantly increasing in 6-week-old flies compared to 2-week-old flies (Fig. 2g) .
Our image analysis of heart contractions also provided cardiac chamber parameters, including diastolic and systolic diameters (Fig. 3a-j) and effects of aging and exercise in different durations on the cardiac contraction of Drosophila. Additionally, the proportional decrease in heart wall diameter during contraction, referred to as the fractional shortening, provided an indication of the cardiac output, and this value reduced with age due to decrease in the diastolic diameter. The systolic diameter of 6-week-old flies did not change much when compared with 2-week-old flies (Fig. 3k-m) .
Exercise initiated later in life affected cardiac function of Drosophila Heart rate was reduced in 6-week-old flies that performed 2.0 or 2.5 h of exercise per day compared to age-matched controls (Fig. 2b) . The decreased heart rate was mainly due to a longer diastolic interval (relaxation period; Fig. 2d ). Arrhythmicity index showed no significant difference between exercised and non-exercised old flies (Fig. 2f) . The incidence of fibrillation events was reduced in flies exercised 2.0 or 2.5 h per day, Fig. 2 Effects of aging and exercise of different durations on cardiac rhythm of Drosophila. a Representative M-mode traces (20 s) from high-speed movies for semi-intact flies that are 2 and 6 weeks old, illustrating qualitative differences in heart function parameters: heart period (HP, horizontal blue line), diastolic interval (DI, horizontal green line), diastolic diameter (vertical green line), systolic interval (SI, horizontal red line), and systolic diameter (vertical red line). b Heart rate. c Heart period. d Diastolic interval. e Systolic interval. f Arrhythmicity index, defined as standard deviation of the heart period. g Automated analysis of fibrillation obtained from M-mode traces. *P < 0.05; **P < 0.01 using an independent-samples t test between 2wC and 6wC and using a one-way analysis of variance (ANOVA) followed by an LSD test among 6wC, 6w_1.5hE, 6w_2.0hE, and 6w_2.5hE. Sample size was 20 to 30 flies per group. Data are displayed as mean ± SEM Fig. 3 Effects of aging and exercise of different durations on the cardiac contraction of Drosophila. a-j Representative diastolic and systolic heart tubes from high-speed movies for semi-intact flies: diastolic diameter (vertical green line) and systolic diameter (vertical red line). a, b Diastolic and systolic heart tube for 2wC. c, d Diastolic and systolic heart tube for 6wC. e, f, g, h,i,j Diastolic and systolic heart tube for 6w_1.5hE, 6w_2.0hE, and 6w_2.5hE, respectively. k Systolic diameter. l Diastolic diameter. m Cardiac output, quantified as fractional shortening. *P < 0.05; **P < 0.01 using an independent-samples t test between 2wC and 6wC and using a one-way analysis of variance (ANOVA) followed by an LSD test among 6wC, 6w_1.5hE, 6w_2.0hE, and 6w_2.5hE. Sample size was 20 to 30 flies per group. Data are displayed as mean ± SEM especially in flies exercised 2.0 h per day. There was no significant decrease of fibrillation events in the flies when they were exposed to 1.5 h exercise per day compared to age-matched controls (Fig. 2g ). Exercised old flies had a significantly wider diastolic diameter, and 1.5 and 2.0 h of exercise increased systolic diameter (Fig. 3a-j) . Only 2.5 h of exercise per day increased fractional shortening compare to 2.0 h of exercised flies (Fig. 3k-m) .
Exercise training with different doses initiated later in life exerted different effects on the climbing height of drosophilae Climbing height was measured 1-1.5 h after the conclusion of exercise training. Effects of exercise with different durations started later in life on climbing height of Drosophila was measured using an independentsamples t test between 2wC and 6wC and using a oneway ANOVA followed by an LSD test among 6wC, 6w_1.5hE, 6w_2.0hE, and 6w_2.5hE. Sample size was 90 to 120 flies per group. The climbing height reduced significantly with age; 1.5 h physical exercised flies remained unchanged compared to age-matched controls. However, 2.0-and 2.5-h exercised flies displayed apparent decrease in climbing height when compared with 1.5 h exercised flies and age-matched controls (Fig. 4) .
Aging affects Drosophila sleep-wake behavior at nighttime
The 24-h profiles of locomotor activity for the 2-and 6-week-old flies are shown in Fig. 5a and Table 1 . The evening activity was significantly decreased in 6-week-old flies, compared to 2-week-old flies (Fig. 5b) . Similar to sleep patterns in humans, sleep patterns in flies changed with age; young flies slept more (Koh et al. 2006; Shaw et al. 2000) . In this study, both sleep bout number and sleep episode duration at nighttime were significantly reduced in 6-week-old flies, compared to 2-week-old flies (Fig. 5e, g ), which meant that older flies had defects in sleep maintenance and sleep initiation. In addition, the daily sleep data of these 2-and 6-week-old flies is depicted in Fig. 5f , h, that suggests that there were no significant differences between young and old flies.
Exercise initiated later in life affected Drosophila daily activity and evening sleep architecture
The 24-h patterns of locomotor activity for the 6-weekold flies with different doses of exercise are displayed in Fig. 5a . No apparent differences of evening activity and total daily sleep were detected between exercised and non-exercised 6-week-old flies (Fig. 5b) . Flies which were exposed to 2 and 2.5 h of exercise per day incurred exercise-induced fatigue as evidenced by a significant reduction in daily activity (Fig. 5c) , which has been reported in humans (Friedberg 2002; Wenzel et al. 2013 ) and other robust model studies (Tadano et al. 2003) . Additionally, both sleep bout number and sleep episode duration at nighttime were obviously increased in flies that were exercised 2.5 h per day, which contributed to the statistically significant increase in total sleep (Fig. 5e, g ).
Discussion
A semi-intact fly preparation and an optical heartbeat analysis program have been developed by Ocorr et al. (2007) , which permit researchers to precisely quantify the inherent myogenic heartbeat parameters without having confounding influences from neuronal input (Johnson et al. 2000; ). Moreover, a protocol for long-term Fig. 4 Effects of exercise with different durations started later in life on climbing height of Drosophila. *P < 0.05; **P < 0.01 using an independent-samples t test between 2wC and 6wC and using a one-way analysis of variance (ANOVA) followed by an LSD test among 6wC, 6w_1.5hE, 6w_2.0hE, and 6w_2.5hE. Sample size was 90 to 120 flies per group. Data are displayed as mean ± SEM endurance training has been devised for Drosophila, which relies on the instinct for negative geotaxis that causes flies to involuntarily run upwards when knocked to the bottom of a container (Piazza et al. 2009 ). These effective techniques, alone with the fly's short lifespan, makeDrosophila an excellent model for studying the effects of exercise intervention on cardiac aging.
Lifelong physical training preserves left ventricular compliance, which is beneficial to left ventricular dynamic diastolic function. This has been manifested by master athletes . Moreover, lifetime exercise training also improves cardiovascular function by increasing stroke volume, cardiac output, and heart rate regulation during exercise . In older healthy subjects, it has been demonstrated that physical training ameliorates age-related deterioration of cardiac function in terms of enhanced left ventricular systolic function and increased diastolic filling (Spina et al. 1998) . One year of endurance exercise training led to an increase in exercise cardiac output due mainly to increase in stroke volume (Fujimoto et al. 2010) . However, it is still uncertain whether the age- Sleep bout number at e nighttime and f daytime. Sleep episode duration at g nighttime and h daytime. *P < 0.05; **P < 0.01 using an independent-samples t test between 2wC and 6wC and using a one-way analysis of variance (ANOVA) followed by an LSD test among 6wC, 6w_1.5hE, 6w_2.0hE, and 6w_2.5hE. Sample size was 28 to 31 flies per group. Data are displayed as mean ± SEM associated impairment in diastolic function may be reduced by physical exercise, since endurance exercise training had only minimal effects on left ventricular diastolic function by Doppler measures in healthy elderly individuals (Prasad et al. 2007; Fujimoto et al. 2010; Vigorito and Giallauria 2014 ). An increased aging population, due to the extension of life expectancy, contributes to the notion of global population aging, with cardiovascular disease remaining the primary contributor to mortality (Kelly et al. 2012) . It is important to investigate what are the benefits of exercise training started later in life on cardiac aging.
In this study, consistent with other divergent genetic background flies (Nishimura et al. 2011) , several aspects of cardiac function have been shown to decline progressively with age in a robust fashion that is detectable in wild-type w 1118 flies. Heart rate underwent a steady decline between 2 and 6 weeks of age, and heart period increased significantly with age. This increase in heart period was largely a function of lengthening systolic intervals. Moreover, fractional shortening, which is an indicator of contractive function decreased with age, and arrhythmicity index as well as incidence of fibrillation events (which was automatically detected by quantifying systolic interval >0.5 s or diastolic interval <0.06 s in flies) (Ocorr et al. 2007 ) occurred in older flies at an increase that was statistically significant. These changing profiles of cardiac function during aging have been exhibited in older humans. For example, the aged exhibit an increase in diastolic end-filling, resulting in an increase of contraction duration (Lakatta et al. 1975; Rodeheffer et al. 1984) . This increased contraction duration, in turn, leads to a reduction in resting heart rate and an even more pronounced reduction in maximal heart rate during exercise. The decrease in maximal heart rate may also be a consequence of reduced number of functional atrial pacemaker cells, which contributes to loss of rhythmic homeostasis, as reflected in the agerelated increase in atrial fibrillation events (Cheitlin 2003) . After that, we explored the effect of distinct doses of physical exercise training initiated in 4-week-old flies on the cardiac dynamic aspect. We found that 2 or 2.5 h of exercise training per day for five weekly endurance exercise sessions over 2 weeks reduced the resting heart rate, which was manifested in an Bathlete's heart,^also named exercise bradycardia, which provides more cardiac reserve (Lewis et al. 1980; Azevedo et al. 2014; Heinonen et al. 2014 ) when the individual is suffering from cardiac stress. The decreased heart rate was due to the increasing diastolic interval, which may be beneficial to heart filling. However, the decreased heart rate was not detected in flies that were exercised 1.5 h per day for 2 weeks. The flies that were exercised for 1.5 or 2.0 h of exercise enlarged both the diastolic diameter and systolic diameter without enhancing fractional shortening that is an indicative of contracting function during exercise. On the other hand, the 2.5-h exercise training increased fractional shortening due to enlarged diastolic diameter and reserved systolic diameter. Interestingly, 2 and 2.5 h exercise training reduced the fibrillation events compared to age-matched controls; however, a discernible effect was not observed in 1.5 h exercise training flies. These findings suggested that exercise duration only lasts long enough to result in significant reduction of fibrillation events, and in order to make fractional shortening increase adaptively, exercises need to last longer than is needed for reducing the incident of fibrillation in previously sedentary seniors.
We also tested the effect of exercise training started later in life on the wake-sleep cycle by detecting locomotor activity using a drosophila activity monitor. Consistent with a previous study , there was no significant difference in the locomotor activity profile in 4-week-old flies that underwent 1.5 h of exercise per day lasting two consecutive weeks compared to agematched controls. Flies that were exposed to 2.0 h per day of exercise training displayed no apparent difference in activity at nighttime and total sleep, except that daily activity counts significantly reduced. Besides a decrease in daily activity, exercising 2.5 h per day can increase total sleep, which is due to increasing evening sleep bout number, as well as evening sleep episode duration, which indicated that 2.5 h of exercise can increase the quantity and quality of sleep, as well as the extending of sleep episode duration, which suggests that the sleep consolidation caused by senescence is alleviated by exercises and exercises enhance the sleep efficiency. In order to identify which exercise duration flies should perform to achieve beneficial physiological adaptation for cardiac function and sleep quality with age, we evaluated muscle fatigue at 1-1.5 h after the conclusion of the 2-week exercise training scheme by assessing climbing ability. Muscle fatigue is an exercise-induced decline in maximal voluntary muscle force or power, and it develops soon after the onset of sustained physical activity (Enoka and Duchateau 2008) . It has been reported that exercise performed to fatigue results in an enhanced sensitivity of myofibrillar protein synthesis to protein feeding during exercise recovery (Burd et al. 2011 ) and glycogen depletion. However, glycogen returns to above basal levels (super compensation) after cessation of exercise (Bergström and Hultman 1996) , which is beneficial to exercise performance. The development of muscle fatigue during exercise is progressive (Gandevia 2001) and depends on the duration and intensity of the exercise bout (Enoka and Stuart 1992) . In our study, exercise training initiated at middle age exerted different effects on the climbing ability of Drosophila. Climbing height showed no apparent difference in flies that exercised 1.5 h per day compared to controls. In contrast, a significant decrease in climbing height was detected in flies exposed to 2.0 and 2.5 h of exercise training. These data suggest that physical exercise lasting longer than 2.0 and 2.5 h may result in exercise-induced muscle fatigue. Interestingly, the diverse change in climbing ability after various volumes of physical exercise was in accordance with the change in cardiac function. Only flies that performed 2.0 and 2.5 h of exercise training could decrease the incidence of fibrillation, suggesting that the intensity and period of physical exercise should reach the intensity of physical fatigue to promote better adaptive change of cardiac function, such as reduction of incidence of fibrillation, and to delay the deterioration of fractional shortening. Although the effects of exercise training are variable on different organs and systems, exercise-induced fatigue can occur in the whole body, and the physiological benefits from fatiguing exercise may also be for the whole body. Thus, we assessed the sleep quality by locomotor activity system. Flies performing 2.5 h exercise could improve sleep quality due to prolonged sleep time and sleep consolidation.
The key new findings from the present study included the following: (1) 4-week-old flies exposed to 2.0 and 2.5 h of exercise per day lasting 2 weeks showed a reduced incident of fibrillation events. Moreover, the exercise training of 2.5 h per day increased fractional shortening and total sleep in Drosophila. However, this discernible effect was not detected in flies that underwent 1.5 h exercise per day, providing evidence that physical training needs to be performed long enough to exert physiological benefits for cardiac aging.
(2) In order to evaluate which exercise duration was suitable, climbing ability using negative geotaxis was applied to assess the exercise-induced muscle fatigue. The occurrence of muscle fatigue after different durations was consistent to the variation of cardiac function and sleep quality. Thus, climbing ability seems to be an effective means of assessing the fatigue exercise schedule for cardiac aging.
